Carbofuran causes neuronal vulnerability to glutamate by decreasing GluA2 protein levels in rat primary cortical neurons.
Glutamate receptor 2 (GluA2/GluR2) is one of the four subunits of α-amino-3-hydroxy-5-methylisoxazole-4-propionic acid receptor (AMPAR); an increase in GluA2-lacking AMPARs contributes to neuronal vulnerability to excitotoxicity because of the receptor's high Ca2+ permeability. Carbofuran is a carbamate pesticide used in agricultural areas to increase crop productivity. Due to its broad-spectrum action, carbofuran has also been used as an insecticide, nematicide, and acaricide. In this study, we investigated the effect of carbofuran on GluA2 protein expression. The 9-day treatment of rat primary cortical neurons with 1 µM and 10 µM carbofuran decreased GluA2 protein expression, but not that of GluA1, GluA3, or GluA4 (i.e., other AMPAR subunits). Decreased GluA2 protein expression was also observed on the cell surface membrane of 10 µM carbofuran-treated neurons, and these neurons showed an increase in 25 µM glutamate-triggered Ca2+ influx. Treatment with 50 µM glutamate, which did not affect the viability of control neurons, significantly decreased the viability of 10 µM carbofuran-treated neurons, and this effect was abolished by pre-treatment with 300 µM 1-naphthylacetylspermine, an antagonist of GluA2-lacking AMPAR. At a concentration of 100 µM, but not 1 or 10 µM, carbofuran significantly decreased acetylcholine esterase activity, a well-known target of this chemical. These results suggest that carbofuran decreases GluA2 protein expression and increases neuronal vulnerability to glutamate toxicity at concentrations that do not affect acetylcholine esterase activity.